ABSTRACT Recently, the Galactic center has been reported to be a source of very high energy (VHE) g-rays by the CANGAROO, VERITAS, and HESS experiments. The energy spectra as measured by these experiments show substantial differences. In this Letter we present MAGIC observations of the Galactic center, resulting in the detection of a differential g-ray flux consistent with a steady, hard-slope power law, described as cm Ϫ2 s Ϫ1 TeV Ϫ1 . The g-ray source is centered at (R.A.,
INTRODUCTION
The Galactic center (GC) region contains many remarkable objects that may be responsible for high-energy processes generating g-rays (Aharonian & Neronov 2005; Atoyan & Dermer 2004) . The GC is rich in massive stellar clusters with up to 100 OB stars (Morris & Serabyn 1996) , immersed in a dense gas. There are young supernova remnants, e.g., Sgr A East, and nonthermal radio arcs (LaRosa et al. 2000) . The dynamical center of the Milky Way is associated with the compact radio source Sgr A*, which is believed to be a massive black hole (Morris & Serabyn 1996; Schödel et al. 2002) .
EGRET has detected a strong source in the direction of the GC, 3EG J1745Ϫ2852 (Mayer-Hasselwander et al. 1998; Hartman et al. 1999 ), which has a broken power-law energy spectrum extending up to at least 10 GeV, with a spectral index of 1.3 below the break at a few GeV. Assuming a distance of the GC of 8.5 kpc, the g-ray luminosity of this source is very large, ergs s Ϫ1 , which is equivalent to about 10 times the 37 2.2 # 10 g-ray flux from the Crab Nebula. However, an independent analysis of the EGRET data (Hooper & Dingus 2002) indicates a point source whose position is different from the GC at a confidence level beyond 99.9%. This was recently sustained by Pohl (2005) . In VHE g-rays, the GC has been observed by CANGAROO, VERITAS, and HESS (Tsuchiya et al. 2004; Kosack et al. 2004; Aharonian et al. 2004 ). The energy spectra as measured by these experiments show substantial differences. This might be due to different sky integration regions of the signal or a source variability at a timescale of about 1 year. The MAGIC observations were carried out in the ON/OFF mode as well as in the false-source tracking (wobble) mode (Fomin et al. 1994) . The sky directions (W1, W2) to be tracked in the wobble mode are chosen such that in the camera, the star field relative to the source position (GC) is similar to the star field relative to the mirror source position (antisource position): W1/W2 p (R.A. GC , decl. GC ‫ע‬ 0Њ .4). During one wobble mode data taking, 50% of the data is taken at W1, and 50% at W2, switching between the two positions every 20 minutes. Dedicated OFF data have been taken, with a sky field similar to that of the ON region. The OFF region is centered at the Galactic plane, GC OFF p (17 h 51 m 12 s , Ϫ26Њ52Ј00Љ). In the same night, OFF data were taken directly before and after the ON observations under the same weather conditions and with the same hardware setup. The observations were scheduled such that the ON and OFF observations have similar ZA range and distribution. After initial observations in 2004 September, the GC was observed for a total of about 24 hr in the period 2005 May-July. Table 1 summarizes the data taken.
DATA ANALYSIS
The data analysis has been carried out using the standard MAGIC analysis and reconstruction software (Bretz & Wagner 2003) , the first step of which involves the calibration of the raw data (Gaug et al. 2005) . After calibration, image cleaning tail cuts of 10 photoelectrons for core pixels and 5 photoelectrons for boundary pixels have been applied (Fegan 1997) . These tail cuts are accordingly scaled for the larger size of the outer pixels of the MAGIC camera. The camera images are parameterized by image parameters (Hillas 1985) .
In this analysis, a custom implementation (Bock et al. 2004 ) of the Random Forest (RF) method (Breiman 2001) was applied for the g/hadron separation and the energy estimation (Fegan 1997) . In the RF method, to each event several independent decision trees (series of cuts) are applied. By combining the results of the individual decision trees, two parameters are calculated: the estimated energy and the parameter "hadronness," which is a measure of the probability that the event is not glike. The trees of the RF are generated by means of training samples for the different classes: A sample of Monte Carlogenerated g-ray showers was used together with about 1% randomly selected events drawn from the measured OFF data. The Monte Carlo (MC) g-ray showers were generated between 58Њ and 68Њ ZA with energies between 10 GeV and 30 TeV. For the analysis of the 2004 September data set, the RF cuts were determined using a subset of Galactic OFF data as background. The source-position-independent image parameters SIZE, WIDTH, LENGTH, CONC (Hillas 1985) , and the third moment of the photoelectron distribution along the major image axis, as well as the source-position-dependent parameter DIST (Hillas 1985) , were selected to parameterize the shower images. The gray sample is defined by selecting showers with a hadronness below a specified value. An independent sample of MC g-ray showers was used to determine the efficiency of the cuts.
The analysis at high zenith angles was developed and verified using Crab data with a ZA around 60Њ. The reconstructed Crab energy spectrum was found to be consistent with other existing measurements (see Fig. 3 
below, dot-dashed line).
For each event, the arrival direction of the primary in sky coordinates is estimated by using the DISP method (Fomin et al. 1994; Lessard et al. 2001; Domingo-Santamaria et al. 2005) : The arrival direction lies on the major axis of the Hillas ellipse that fits the shower image in the camera at a certain distance (DISP) from the image center of gravity. DISP has been parameterized as a function of the ellipticity as in Lessard et al. (2001) . One of the two possible arrival directions is selected using the third moment of the photoelectron distribution along the major image axis. For the sky map calculation, only sourceindependent image parameters are used in the RF training. Figure 1 shows the sky map of g-ray candidates (backgroundsubtracted; see, e.g., Rowell 2003) from the GC region (observation periods II/III). It is folded with a two-dimensional Gaussian with a standard deviation of (roughly correspond-0Њ .1 ing to the MAGIC point-spread function [PSF] ) and a height of 1. A lower SIZE cut of 300 photoelectrons has been applied, corresponding to an energy threshold of about 1 TeV. The sky map is overlaid with contours (0.3 Jy beam Ϫ1 ) of 90 cm VLA (BCD configuration) radio data from LaRosa et al. (2000) . The brightest noncentral source is the Arc. The excess is centered at (R.A., decl.) p (17 h 45 m 20 s , Ϫ29Њ2Ј) (J2000 coordinates). The present systematic pointing uncertainty is estimated to be 2Ј . The VHE g-ray source G0.9ϩ0.1 ) is located inside the MAGIC field of view. It shows a small excess consistent with the low flux reported by Aharonian et al. (2005) . The MAGIC excess is not yet statistically significant for the given exposure time. Figure 2 shows the distribution of the squared angular distance, , between the reconstructed shower direction and the GC excess For the determination of the energy spectrum, the RF was trained, including the source-position-dependent image parameter DIST. For the spectrum determination only, the largest data set (period III) was used. The cut on the hadronness parameter (50% g-efficiency corresponding to an effective area of about 250,000 m 2 ) resulted in about 500 excess events with a minimum SIZE of 200 photoelectrons. Figure 3 shows the reconstructed VHE g-ray energy spectrum of the GC after the unfolding with the instrumental energy resolution (see Mizobuchi et al. 2005) . The differential g-ray flux can be well described by a simple power law:
# (E/TeV) cm s TeV .
The given errors (1 j) are purely statistical. The systematic error is estimated to be 35% in the flux level and 0.2 in the spectral index. The dominant systematic error sources (added in quadrature) are the atmospheric model used in the MC simulations (15%-20%) (Bernlöhr 2000) , camera (trigger) inefficiency (10%), uncertainties in light losses in the optical system (10%), and the absolute light-to-effective photoelectron conversion (10%). Figure 4 shows the reconstructed integral VHE g-ray flux above 1 TeV as a function of time. All OFF data are used for each time bin, resulting in some correlation between the time bins. Different observation modi may result in different systematic errors. The flux level is steady within errors in the timescales explored within these observations, as well as in the 2 year time span between the MAGIC and HESS observations.
DISCUSSION
Recent observations of TeV g-rays from the GC confirm that this is a very important region for high-energy processes in the Galaxy. Many different objects, able to accelerate particles above TeV energies, are expected there. The most likely source seems to be the massive black hole identified with Sgr A* due to the directional consistency. A blazar-like relativistic jet originating from the spinning GC black hole might be expected to produce TeV g-rays (Falcke et al. 1993 ), but flux predictions of this model are on the low side due to an unfavorable orientation of the jet axis. Atoyan & Dermer (2004) propose that electrons can be accelerated to sufficiently high energies at the termination shock of the subrelativistic wind from the central part of the advection-dominated accretion flow onto the GC black hole, in analogy to the pulsar wind nebulae. The authors suggest that the GeV source observed by EGRET has another origin. This is consistent with the recent determination of the position of the EGRET source 3EG J1746Ϫ2851 by Dingus (2002) and Pohl (2005) . Other scenarios for the gray production in the vicinity of Sgr A* have also been found to be consistent with the TeV observations but not with the GeV observations (Aharonian & Neronov 2005) . It is generally expected that g-rays produced in such compact source models should show relatively fast variability. Instead, the same level of TeV flux reported by HESS in 2004 and by MAGIC in 2005, and also during their own observation periods extending over a few months, suggests a stable source on a timescale of about 1 year. However, the g-ray flux above 2.8 TeV (3.7 j significance) reported by Whipple during the extended period from 1995 through 2003 is a factor ∼2 larger (Kosack et al. 2004) .
The origin of g-ray emission in other types of sources is also possible. Pohl (1997) proposed that the GeV emission can be related to the GC radio arc. Crocker et al. (2005; see also Fatuzzo & Melia 2003) argue for the GeV and TeV emission coming from different sites of the shell of the very powerful supernova remnant Sgr A East.
More extended g-ray emission might also originate in the interaction of relativistic particles with the soft radiation and matter of the central stellar cluster around the GC. These particles can be accelerated by, e.g., a very energetic pulsar, a g-ray burst source, shocks in the winds of the massive stars, or a shell-type supernova remnant (Bednarek 2002; Biermann et al. 2004; Quataert & Loeb 2005; Crocker et al. 2005; Grasso & Maccione 2005) . If the TeV g-rays are produced by leptons scattering off the infrared photons from the dust heated by the UV stellar radiation (Quataert & Loeb 2005) , then the g-ray power at ∼100 GeV should be almost an order of magnitude higher due to scattering of UV radiation. The g-ray energy spectrum should steepen between ∼0.1 and 1 TeV. Instead, the HESS collaboration reports a simple power-law spectrum between ∼0.2 and 10 TeV (Aharonian et al. 2004 ). Therefore, hadrons should have energies of about 10 3 TeV. Such hadrons diffuse through the region of the TeV source (!7 pc; Aharonian et al. 2004 ) on a timescale of the order of 10 4 yr. Thus, the natural source of relativistic hadrons seems to be the supernova remnant Sgr A East or the energetic pulsar created in the supernova explosion (Crocker et al. 2005; LaRosa et al. 2005; Bednarek 2002 ). However, this relatively young source of relativistic hadrons cannot be identified with the last g-ray burst in the center of our Galaxy if it appeared ∼10 6 yr ago (Biermann et al. 2004 ). The GC can also be the brightest source of VHE g-rays from particle dark matter annihilation (Prada et al. 2004; Hooper et al. 2004; Flix 2005) . Most SUSY dark matter scenarios lead to a cutoff in the g-ray energy spectrum below 10 TeV. The observed g-ray energy spectrum extends up to 20 TeV. Thus, most probably the main part of the observed g-radiation is not due to dark matter annihilation (Horns 2005) . However, an extended g-ray source due to dark matter annihilation peaking in the region from 10 GeV to 100 GeV (Elsässer & Mannheim 2005 ) cannot be ruled out yet.
CONCLUDING REMARKS
The MAGIC observations confirm the VHE g-ray source at the Galactic center. The measured flux is compatible with the measurement of HESS (Aharonian et al. 2004 ) within errors. The VHE g-ray emission does not show any significant time variability; instead, our measurements affirm a steady emission of g-rays from the GC region. The excess is pointlike; its location is spatially consistent with Sgr A* as well as SgrA East.
The nature of the source of the VHE g-rays has not yet been identified. Future simultaneous observations with the present Cerenkov telescopes, with the Gamma-Ray Large Area Space Telescope (GLAST), and in the lower energies will provide us with much better information on the source localization and variability of emission. This will shed new light on the nature of the high-energy processes in the GC.
